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k = ω/vs(ω)− ıα(ω)
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ı k FT(V )
( ∫ d
0







































































































cJ,D;B0p,@(;=6ﬂﬃ"$OW*(ﬁ 5+ﬁ 090@3!6@OC,@#ﬂﬃﬁ+,@ﬁ 6@');=*(ﬁ_3[,2,9ﬁ+*K?37,@;=#!*3!*ﬂﬂﬃ;=0@%]ﬁ+602;=#!*#7/,9(ﬁZﬁ+"B3!02,@;B5^Rf3m&ﬁ 0 Uﬀ(ﬁ^/L69ﬁ r-?(ﬁ *5OTﬂﬃﬁ %4ﬁ *ﬂﬃﬁ *5ﬁ
#!/








0@;=8!*3!"-#&aﬃ,93!;$*ﬁ ﬂZ/L69#!'Ý310@3!'C%"$ﬁf?(*ﬂﬃﬁ 6|!#!"$,93!8!ﬁkaKOZ,9(ﬁp#&*(ﬁf#!aﬃ,37;=*(ﬁ ﬂ</L6@#&'Ú,9(ﬁN0@3!')ﬁp0937')%("=ﬁ?(*ﬂ(ﬁ+6d02#!6@,|5+;$65?(;$,0@(#[RD0
,PRf#C%4ﬁ:37tﬃ0+UëÕVàÀYÌ]ÂÉ:ÆLÙoÈ ÎÄbÊﬃÕ|É ÄKÏË!ÄqËmÎÊ(ÃmÁ]Ä\Ê(Ë&Ë!ÂÂÆYÊ(È ÀYÌ]Ï>ÀÉ.ÊÉ É:Â>Ä-Ò>ÒÂÃ[ÀYÏÁhÈ:ÎÄqà]Ì4ÆYÈ Ê(Á]ÄqÊﬃÍÍ|ÆYÀË!ÊﬃÈ:ÀYÌ]ÏÐ
















u*(#7,9(ﬁ+6)%]#&0902;=a(;="$;$,POM;B0<,9#')#ﬃﬂﬃﬁ+"f,9(ﬁbﬂﬃﬁ+8&693&ﬂ(3[,9;$#&*M#7/N,@ﬁﬁ "=3&0P,9;=5WRf3m&ﬁW3!0C;$,C%6@#&%378-3[,@ﬁ:0+UAcJ,);=0C"=ﬁ 090%(69ﬁ 5+;=0@ﬁT,937*
')ﬁ:3!0@?(6@;=*(8M69ﬁ 3!"X5#Kﬁ	T5+;$ﬁ *&,0Ta(?(,W;i,;=002?5+;$ﬁ *-,W;$*'3!*-OE5+3&02ﬁ:0+U
u
*ﬁ "$ﬁ 8&3!*&,T')#ﬃﬂﬃﬁ "15+3!*a4ﬁ\/L#!?(*ﬂ¤a-O>,93!t-;=*(8>3
ôZ3!?0902;B37*A!#&"i,378!ﬁC%(?("B0@ﬁT023!%4ﬁ3!*ﬂ3qr-?3&ﬂﬃ6937,@;B5./L6@ﬁ:r&?ﬁ+*5+Ohﬂﬃﬁ+%]ﬁ+*4ﬂﬃﬁ+*-,3[,@,@ﬁ *-?43[,@;=#!*/L#!6_ﬁ "=3&0P,9;=5CRﬀ3m!ﬁ:0+UC;i,9S02?45

















































σ2+4αz′)2/(σ2+4αz′) }2 g ~
cJ,D;B0ﬀ/L#&?(62,9("=OT*(ﬁ 5+ﬁ 090@3!6@O),9#ﬂﬃ;=09569ﬁ,9;$ ﬁ_37"="5#&*&,9;$*K?(#&?0f#!%]ﬁ+63[,9#!60,9#5+37"B5?"=37,@ﬁ^,@(ﬁ<0@;=8!*3!"U














&ﬁ 5,@#!6ﬃﬂ]URf#Z5+#!*0@ﬁ 5+?ﬃ,@;=!ﬁﬀ5#&')%4#&*(ﬁ+*-,90|#!/]&ﬁ 5,@#!6<ﬂ(ﬁn*(ﬁN69ﬁ 0@%]ﬁ 5F,9;$&ﬁ+"=O_,@ﬁNa4ﬁ 8!;=*(*(;=*(8_37*ﬂ,@(ﬁNﬁ *ﬂﬃ;=*(8<5#K#&69ﬂﬃ;=*37,@ﬁ 0
#!/f3!*hﬁ+"=ﬁ+')ﬁ *&,Z#7/p!#!"=?(')ﬁ!U<ﬀﬁ+69ﬁ/L#!69ﬁ&ﬁ 5,@#!6 q3&0!#"%$C5#!')%]#!*(ﬁ *-,90 U<j3!5A5#&'C%]#!*ﬁ+*-,1#!/p!ﬁ:5F,9#!60!&ﬁT#!6 ﬂq8!;=!ﬁ 0
69ﬁ 0@%]ﬁ 5F,9;$&ﬁ+"=Ob,@ﬁT5ﬁ+*-,9693!"k5#K#!6ﬂﬃ;=*3[,9ﬁC3!*ﬂ\,9(ﬁTﬂﬃ;=')ﬁ+*0@;$#&*o#7/f3!*ﬁ "$ﬁ ')ﬁ+*-,<#7/f!#!"=?(')ﬁ!UTﬀﬁ+69ﬁ/L#!69ﬁC!ﬁ 5,@#&690 &ﬁ37*4ﬂ'ﬂ











































3769ﬁ<,@ﬁ+*A!ﬁ 5,@#&6901#7/ \5#&'C%]#!*ﬁ+*-,90 U<ﬀ(ﬁ 0@ﬁC!ﬁ 5,@#&690
























































,@ﬁ.%(?"=0@ﬁ ﬂh!#!"$,93!8!ﬁ3!%(%]ﬁ 37601RN;i,93W5+#!*02,93!*-,^ﬂﬃﬁ "=3mO
∆t










,9#T,9(ﬁ.ﬁ "=3&0P,9;=5<Rf3m&ﬁ<%(69#!%3!8&3[,9;$#&*,@(69#!?(8&q,@(ﬁ.Rf3m&ﬁ+8&?(;=ﬂ(ﬁ_;=01*(ﬁ 5+ﬁ 090@3!6@O;$*h,@(ﬁ.6@ﬁ:37"ﬁlﬃ%4ﬁ 6@;=')ﬁ+*-,
I
;$,1;B0X?402ﬁ "$ﬁ:0@01;$*\,@(ﬁ

































































































































































#!*ﬁD/L#!6pﬁ 3&5;$*-,@ﬁ 62/Y3&5ﬁ&Uﬀ(ﬁ:02ﬁ1%4ﬁ:37tﬃ05 37*,9K?0a]ﬁX?402ﬁ:ﬂT3!0p30@#!?(65ﬁD#!/;$*(/L#!69')37,@;=#!*#&*),@(ﬁZ0@3!')%("$ﬁ
02,@69?5,@?(69ﬁ!U}|bÏÌKÖÀYÏÁ¤È ÎÄEÈ ÎÀYË:ÏÄ-É:ÉhÌ]Ç)ÄKÊ(ËmÎŁÆÊ!Ù]Ä&ÃSÊÏÒŁÈ ÎÄÒÄKÆYÊ&Ù¢ÕÄ-ÈÖÄKÄKÏßÄKÊ(ËmÎÍÄKÊﬃdí^ÀYÈÀÉ\ÍÌ]É É:ÀLÕ|ÆYÄ
È:Ì>ÄKÉ È ÀY>ÊﬃÈ ÄbÈ:ÎÄà4ÄKÆÌË!ÀYÈ9ÙÌ]Ç1É:Ì]ÂÏÒÀÏ¤ÄKÊ(ËmÎÚÆÊ!Ù]Ä&ÃbÊ(ÏÒÚÈ ÎVÂÉTÈ ÎÄÍÃ[ÄKË!ÀÉ ÄhÈ ÀY>Ä!ÅÉ+Í|Ê(Ë&Ä\Ë!Ì4ÃmÃmÄKÉ ÍÌ]ÏÒÄKÏË&Ä4Ð
~
Ì]Ï
à4Ä-Ã[É ÄKÆYÙÏÌKÖÀYÏÁÈ:ÎÄhÍÌ]É ÀYÈ ÀYÌ]ÏEÀYÏEÈ ÀSÄqÌ4ÇDÄKÊ(ËmÎÍpÄ-Ê(dí|ÀYÈÀYÉCÍÌ]É É:ÀLÕ|ÆYÄÈ ÌoÍÃ[ÄKË!ÀYÉ:ÄKÆLÙ>ÆÌË!Ê(È ÄbÈ:ÎÄ\ÆÊ!Ù]Ä-Ã





























































































ﬀﬁ^;=*ﬃö?ﬁ+*5+ﬁ1#!/537698!ﬁ1ﬂﬃﬁ+%]ﬁ+*ﬂ0p#&*WRN(ﬁ 6@ﬁZ53!6@8&ﬁ 03!6@ﬁX,@637%(%]ﬁ ﬂW;$*W,@(ﬁZ0937')%("=ﬁ^02,@69?5F,9?(69ﬁ137*4ﬂ,@K?0f#&*T,@ﬁ^a?(;$"Bﬂﬃ?(%
%6@#ﬃ5ﬁ:0@0 U
s
,@?4ﬂﬃOK;$*(8A37"="p5 3!0@ﬁ 0_;B0<#!/X5#!?690@ﬁ#!?ﬃ,.#7/N,@ﬁW0@5+#!%]ﬁT#7/N,9(;B00@ﬁ 5F,9;$#&*Ubce*02,@ﬁ:3!ﬂoRfﬁT%(69ﬁ 0@ﬁ+*-,;=*S»;=8!?6@ﬁ

,@(ﬁ



















,@(ﬁ_37')%("=;$,@?ﬂﬃﬁ_#!/,9(ﬁZ%4ﬁ:37tW37,f,9(ﬁ^/L6@#&*-,ﬀﬁ "$ﬁ:5F,96@#ﬃﬂﬃﬁZﬂﬃﬁ 5+6@ﬁ:3!0@ﬁ 0f37*ﬂ












%]ﬁ 3!t<3[,,@(ﬁfa3&5t_ﬁ+"=ﬁ 5F,96@#ﬃﬂﬃﬁp;$*4ﬂﬃﬁ+ﬁ:ﬂﬂﬃﬁ:569ﬁ 3!0@ﬁ 037*4ﬂ_a(69#&3!ﬂ(ﬁ+*037*ﬂ<,@(ﬁf#7,9(ﬁ+6|%]ﬁ 3!tK069ﬁ+'37;=*.3!"$')#&02,?*537*8!ﬁ ﬂUÞ`ÎÄKÏ
È Ã[ÊﬃÍÍpÄ-Ò>ÊﬃÈÊqÒÀÉ+È:Ê(ÏË!ÄTÉ:SÊ(ÆÆYÄ-Ã_È ÎÊ(ÏMÈ:ÎÄT>Ä-ÊÉ ÂÃ[Ä->Ä-Ï










02(;$/,Dﬂﬃ#[RN*,@(ﬁZ5#&6@69ﬁ 0@%4#&*ﬂﬃ;=*(8%]ﬁ 3!ta(?ﬃ,D37"B0@#Cﬂﬃﬁ:569ﬁ 3&02ﬁX,@(ﬁ





































































43m!ﬁ<a]ﬁ+ﬁ *h5+3!6@69;$ﬁ:ﬂ#!?ﬃ,^?(*ﬂﬃﬁ 6102,@69ﬁ 090X37*4ﬂb3[/,@ﬁ 6102,@69ﬁ 090D;=*\#!6ﬂﬃﬁ 6N,@#T#&a0@ﬁ+69!ﬁ_a]#7,@ha(?(;="=ﬂﬃ?%37*4ﬂbﬂﬃﬁ 5 3mO#!/d5437698!ﬁ 0 UNÛÏ
Ì4Ã[ÒÄ-ÃTÈ:ÌMÀYÏË7Ã[ÄKÊ(É:ÄbÈ ÎÄbÉ ÀÁ4ÏÊ(ÆpÈ ÌMÏÌ4ÀÉ ÄÃ[ÊﬃÈ:ÀYÌoÖÄ\Ê&à4Ä-Ã[Ê(Á]ÄKÒ¢K]]ÊË!ñVÂÀYÉ:ÀLÈ ÀÌ4ÏÉCÕVÙSÄKÊ(É:ÂÃmÄKSÄKÏ
È&Ð
ﬀﬁC0@;$8&*37"B0D%6@ﬁ:02ﬁ *&,9ﬁ ﬂb;=*b,9(;=0^%3!%4ﬁ 61Rfﬁ+69ﬁ<#&aﬃ,93!;$*(ﬁ:ﬂbRN;$,@30@3!')%("$ﬁ.RN;i,9(#!?(,1ÕÌ]ÏÒÄKÒﬁ "$ﬁ:5F,96@#ﬃﬂﬃﬁ:0+U^ﬀ(ﬁ.3!"$?(');=*K?('
Rﬀ3m!ﬁ 8!?(;BﬂﬃﬁD3!*ﬂC,@(ﬁ^5+3!6@a]#!*ﬃyJ"=#&3!ﬂ(ﬁ ﬂC%4#&"$OK')ﬁ+6pﬁ+"=ﬁ 5,@69#Kﬂ(ﬁN/Lﬁ+ﬁ:ﬂﬃ;$*8_,@(ﬁ^0@3!')%("$ﬁXRN;i,9,@(ﬁ1%(?("B02ﬁ:ﬂ!#&"i,378&ﬁD3!5F,p6@ﬁ:02%]ﬁ 5,@;=!ﬁ+"=O
3&0|,@ﬁﬀ/L6@#&*&,3!*ﬂ.,@(ﬁNa43!5t<ﬁ "$ﬁ:5F,@69#ﬃﬂﬃﬁ 0 U|ﬀ(ﬁD3!5+#!?02,@;B5ﬀ5#!?%("$;=*(8-0d3[,ka]#7,@;=*-,@ﬁ 62/Y3&5ﬁ 0|#!/4,9(ﬁD0937')%("=ﬁNRpﬁ 6@ﬁﬀ#!a(,937;=*(ﬁ:ﬂ.RN;$,@
0@;="$;B5#&*(ﬁ_#!;="UdcJ,D43!0ﬀa]ﬁ+ﬁ+*b&ﬁ+69;in4ﬁ ﬂW,@37,N,@(ﬁ_#&a02ﬁ 6@&ﬁ ﬂW%((ﬁ+*#!')ﬁ+*3)3!6@ﬁZ*(#!,Xﬂﬃ?(ﬁZ,@#),9(ﬁ<37a402ﬁ *5ﬁZ#7/d0937')%("=ﬁ^ﬁ "$ﬁ:5F,96@#ﬃﬂﬃﬁ:0+U
ce*W,@(;B0N02,@?ﬂﬃO),9(ﬁZ37a0@ﬁ+*5+ﬁX#!/0@3!')%("$ﬁ1ﬁ+"=ﬁ 5,@69#Kﬂ(ﬁ 0p')3!t!ﬁ:0;$,f%]#&090@;$a("=ﬁ1,@#Cﬁ+[37"=?3[,9ﬁD,9(ﬁ1;=*ﬃö?ﬁ+*5+ﬁ1#&*T,@ﬁ1%]#&0@;i,9;$#&*WRN(ﬁ 6@ﬁ
')ﬁ:3!0@?(6@ﬁ ')ﬁ+*-,90N3!6@ﬁZ5+3!6@69;$ﬁ:ﬂT#&?ﬃ,D#!*,@(ﬁ<0937')%("=ﬁ_02?62/Y3&5ﬁ!U
ÑÎÄoË!Ì]Ï
È+Ã[ÀYÕÂÈ ÀÌ4ÏÈ:ÌSÈ:ÎÄASÄKÊ(É:ÂÃ[ÄKÒ¤É:ÀYÁ]ÏÊ(ÆﬀÌ]ÇXÈ:ÎÄÈ Ä-Ã[ ÀYÏ
V 2
Ë!Ì4ÃmÃ[Ä-É ÍÌ]ÏÒÀYÏÁMÈ:ÌSÈ ÎÄAÆYÊ(É ÈWÀYÏ
È:ÄKÁÃ[Ê(ÆNÌ]Ç
×^ñVÂÊﬃÈ ÀÌ4Ïýú2ø
ûÒÄ-ÍÄKÏÒÉqÌ4ÏÆLÙÌ]ÏµÈ ÎÄSÉ:Ê(MÍ|ÆYÄoÉ È+Ã[ÂË!È ÂÃ[Ä>Ê(ÏÒ¢Ã[ÄKSÊ(ÀYÏÉÂÏÊﬃáÄKË7È:ÄKÒ¢ÕVÙÈ:ÎÄMÍÃ[ÄKÉ ÄKÏË!ÄSÌ]Ç
ËmÎÊﬃÃ[Á4ÄKÉAÌÃAÕVÙ¢È ÎÄEÊﬃÍÍ|ÆYÀË!ÊﬃÈ:ÀYÌ]ÏßÌ]Ç.Êà]Ì4ÆYÈ Ê(Á]Ä]ÐÑ<ÎÀYÉË!Ì]Ï
È+Ã[ÀLÕ|ÂÈ:ÀYÌ]ÏßË&Ê(ÏßÕpÄ>ÒÄ&È:Ä-Ãm>ÀYÏÄ-ÒµÕVÙÝÊ&à4Ä-Ã[Ê(Á]ÀYÏÁ
ÈÖÌAË!Ì]ÏÉ ÄKË!ÂÈ ÀYà4ÄÉ ÎÌ4Ã:È+Å9Ë&ÀLÃ[Ë!ÂÀLÈ>Ä-ÊÉ ÂÃ[Ä->Ä-Ï
È:É!í]È ÎÄÔÃ[É È<ÕÄKÀYÏÁ\ÀYÏÀLÈ:ÀYÊﬃÈ:ÄKÒoÕVÙSÊbÍÌ]É ÀYÈ ÀLà]ÄÍ|ÂÆÉ ÄKÒMà]Ì4ÆYÈ Ê(Á]Ä
V

































































#!/,9(ﬁ_%]ﬁ 37t37')%("=;i,9?ﬂﬃﬁ 0DRN(ﬁ+69ﬁ 3&0,9(ﬁ_8!63!ﬂ(?37"
ﬁ+&#!"=?ﬃ,@;=#!*;B0N3!0902#ﬃ5;B3[,9ﬁ ﬂWRN;i,9q3ﬂ(ﬁ 569ﬁ 3&02ﬁ^#7/,@(ﬁ_%]ﬁ 3!tW37')%("=;$,@?ﬂﬃﬁ:0+U































,9#,@(;B0_')ﬁ 3&02?(69ﬁ+')ﬁ *&,^,@ﬁ)0937')%("=ﬁ)Rf3&0^?(*("=#&3!ﬂ(ﬁ ﬂh/L6@#&'ï37*ﬂ6@ﬁ "$#-3!ﬂﬃﬁ:ﬂ\;=*-,@#,@(ﬁ0937')%("=ﬁ)(#!"Bﬂﬃﬁ+6
I
3!*ﬂ0@(#&62,@yJ5+;$65?(;$,@ﬁ:ﬂ






























Ë&Ì4ÏÒÂË!È ÀYÌ]ÏðÀYÏÌ4Ã>Ì]ÏÉ:ÀYÆÀYË&ÊÔÕÃ[ÄKÉMÀYÉAÆYÊﬃÃ[Á]Ä&Ã>È ÎÊ(ÏðÀYÏ×1ÍÌKØVÙßÃ[ÄKÉ ÀÏÐÑ<ÎÊﬃÈMÒÀYáÄ-ÃmÄKÏË!ÄÀÏË&Ì4ÏÒÂË!È ÀYÌ]Ï








































































,@(ﬁ Oq0@(#&?("=ﬂ\3m!ﬁ<');=8!63[,9ﬁ ﬂq#!61a4ﬁ ﬁ+*;$*[Pﬁ:5F,9ﬁ ﬂVU1ﬁC%(69#!%]#&0@ﬁZ,@37,1na6@ﬁ<"B3mO!ﬁ 690
%]#!"B3769;=+ﬁ^#!6Dﬂﬃ;B0@0@#ﬃ5;B3[,9ﬁ^53!6@8&ﬁ 0p693!%(;Bﬂﬃ"$O#[RN;=*(8C,@#C,9(ﬁ+;=6N6@ﬁ "=37,@;=!ﬁ "$O)"B37698!ﬁZ5#!*4ﬂﬃ?5F,9;$K;$,POúP¿NÀÁ4ÂÃ[Äo4Ê4û[U|ﬀﬁ+*q%4#-02;$,@;=!ﬁ
5437698!ﬁ 0_37,<;$*-,9ﬁ+6@/Y3!5ﬁ
g











ò1*45ﬁN,9(ﬁD637%(;Bﬂ)%(69#K5+ﬁ 090|3!0p0P,37a(;="=;$ ﬁ ﬂ
I
3<02"=#[Rfﬁ+6d%(69#ﬃ5ﬁ 090|a]ﬁ 5#&')ﬁ 0ﬂ(#!');$*437*-, U|ﬀ(ﬁXﬂﬃﬁ:569ﬁ 3&02ﬁN#!/],9(ﬁD;=*-,@ﬁ+6@/Y3!5+;=3!"(%]ﬁ 37tﬃ0
3!*ﬂT#!/%4ﬁ:37t
g



















































































U Ü ÉTÂÏÒÄ&Ãà4Ì]ÆLÈ:Ê(Á]Ä4ípÉ ÀÆYÀYË&ÊAÔÕÃ[Ä-ÉTÖÌ4ÂÆYÒÕÄhÊ(ÈTÈ ÎÄÌ4Ã[ÀYÁ]ÀYÏ¤Ì]ÇDÈ:ÎÄÃ[ÊﬃÍ|ÀYÒ
ÍÃ[ÌË!ÄKÉ:ÉCÖ)ÎÄ-Ã[Ä-ÊÉ×XÍÌKØVÙÃ[Ä-É:ÀYÏÊﬃÈÈ:ÎÄbÌ4Ã[ÀYÁ]ÀYÏÌ]ÇNÈ ÎÄbÁÃ[Ê(ÒÂÊ(ÆﬀÍÃ[ÌË&ÄKÉ É&Ð






















5+#!')%3!6@ﬁ:ﬂ_,@#1,@ﬁN%(6@ﬁ K;$#&?0ﬁlﬃ%4ﬁ 6@;=')ﬁ+*-, Uﬀ(ﬁNﬂﬃ;$v]ﬁ 6@ﬁ *5ﬁ





ÄKÊ(É:ÀYÆYÙí^37*ﬂ,@ﬁ+*S5#&')%4ﬁ *0@37,@ﬁ#&6<6@ﬁ:5#&'a(;=*(ﬁ)RN;i,9o,@(ﬁﬂﬃ;=090@#K5+;=37,@ﬁ:ﬂA5437698!ﬁ 0^;=*o,@(ﬁTna(69ﬁ 0 Uﬀ(ﬁWﬂ(;$&ﬁ+698!ﬁ+*-,_ﬁ+"=ﬁ 5,@69;=5
n4ﬁ+"Bﬂ\na6@ﬁ:0Z%(6@#ﬃﬂﬃ?45ﬁC;$*,@(ﬁ ;$6_K;B5;=*(;$,PO\5+37*A%(69#!')#7,9ﬁ.0@?5o3Wa]ﬁ+3mK;=#!6:U<(ﬁ *hna6@ﬁ:0^3!6@ﬁC*(#!,_5+"$#-02ﬁ.,@#q37*Aﬁ+"=ﬁ 5,@69#ﬃﬂﬃﬁ
I
,9(ﬁWﬁ+l(537*(8&ﬁTRN;$,@M,9(ﬁW;=*-,@ﬁ+6@/Y3!5+ﬁT;B0<"=ﬁ 090<ﬁ 3&02Oo37*4ﬂM#!*("=O,@(ﬁﬂﬃ;=090@#K5+;=37,@ﬁ:ﬂM537698!ﬁ:0Z;$*M,9(ﬁTn4a(6@ﬁ:03!6@ﬁTK;B02;=a("=ﬁ!U Ü ÉÊ
Ë&Ì4ÏÉ:Ä-ñVÂÄKÏË&ÄWÖ.ÄTÍÃmÌ4ÍÌ]É ÄTÈ ÎÊﬃÈÈ:ÎÄÇÊÉ+ÈÀÏ-Ó:ÄKË7È:ÀYÌ]ÏÉ_ÊÉ É:Â>Ä-ÒAÈ:ÌhÄ-ØVÍÆÊ(ÀYÏ>Ì4ÏÄÍ|ÊﬃÃmÈ.Ì]ÇkÈ ÎÄTÃ[ÊﬃÍ|ÀYÒ>ÍÃ[ÌË&ÄKÉ É
ÀÏ¿NÀYÁ]ÂÃ[ÄÖÌ]ÂÆYÒÎÊ!à]ÄhÕÄKÄKÏSÊ(ÒÄbÄKÊ(É ÀÄ-ÃÕVÙÈ:ÎÄbÍÃ[ÄKÉ ÄKÏË!Ä\Ì]ÇNÔÕÃ[ÄKÉË!ÆÌ4É:ÄqÈ ÌoÈ:ÎÄ\ÀÏ
È Ä-Ã[ÇJÊ(Ë!ÄKÉTÒÂÃ[ÀÏÁ
È:ÎÄhSÄKÊ(É ÂÃ[ÄKSÄKÏ
È!Ð1Û+Ï¤¿NÀYÁ]ÂÃ[ÄoﬃAÈ ÎÄ\ÊﬃÕ|É ÄKÏË!Ä\Ì]ÇNÔÕÃ[ÄKÉË!ÆÌ4É:ÄqÈ ÌMÊÏÀYÏ
È Ä-Ã[ÇJÊ(Ë!ÄhÖÌ]ÂÆÒÎÊ&à4ÄhÃmÄKÉ È+Ã[Ê(ÀÏÄKÒ




ﬁ !ﬁ *M;i/N,9(ﬁW0@;$'.?("=37,@ﬁ:ﬂM02;=8!*3!"=0ﬂﬃ#\*(#!,'3[,95o,9(ﬁT')ﬁ 3&02?6@ﬁ:ﬂ#&*(ﬁ 0%4ﬁ 62/Lﬁ:5F,9"$O
I
3b5+"$ﬁ:376<;Bﬂﬃﬁ:3b#7/ﬀ,@ﬁ53!6@8&ﬁC%6@#ﬃ5ﬁ:0@0@ﬁ 0
#ﬃ5 5?(696@;=*(8M5+3!*a4ﬁhÒÄKÒÂË!ÄKÒpUÚﬀ(ﬁ02"=;$8&-,Wﬂﬃ;=09569ﬁ+%437*5+OSa4ﬁ+,PRpﬁ ﬁ+*')ﬁ 3&02?(69ﬁ ﬂE37*4ﬂ02;='?("B3[,9ﬁ ﬂ0@;$8&*37"B0);=0Wﬂﬃ?(ﬁb,9#o,@(ﬁ
0@;='C%"$;$n45+37,@;=#!*0ﬀ'3&ﬂﬃﬁZ,@#)')#ﬃﬂﬃﬁ+"V,9(ﬁ<0937')%("=ﬁZ02,@69?5,@?(69ﬁ_37*ﬂW,@(ﬁ_Rﬀ3m!ﬁ^%(69#!%3!8&37,@;=#!*U
Aﬁ_3m&ﬁ^02,@?ﬂ(;$ﬁ:ﬂ3!*j%4#mlﬃOT69ﬁ 0@;$*a]#&376ﬂ;$*5+"$?4ﬂﬃ;$*8)3.na6@ﬁZ'3[,X3!*ﬂW43m!ﬁZ02(#[RN*,@43[,N?(*ﬂﬃﬁ 6D!#&"i,378&ﬁD,PRf#C%6@#ﬃ5ﬁ:0@0@ﬁ 0
RN;$,@ﬂﬃ;$v
ﬁ+69ﬁ+*-,kﬂﬃOK*37');B5+0|3769ﬁpK;B02;=a("=ﬁ!UÞßÄCÍÃ[Ì4ÍÌ]É Ä.È ÎÊﬃÈ^È ÎÄ)ÃmÊ(ÍÀÒhÍÃ[ÌË!ÄKÉ:É1ÀÉX3[,@,@69;$a?ﬃ,@ﬁ:ﬂ,9#^5437698!ﬁﬀﬂﬃ;=090@#K5+;=37,@;=#!*0
;=*,9(ﬁDna6@ﬁ:037*4ﬂ),@(ﬁ^02"=#[RE%(6@#ﬃ5+ﬁ 090d,@#.537698!ﬁDSÀÁÃ[ÊﬃÈ:ÀYÌ]ÏÉ^;=*,@ﬁXjk%]#mlﬃO."B3mO!ﬁ 690k5+"$#-02ﬁﬀ,9#<,9(ﬁXﬁ "$ﬁ:5F,@69#ﬃﬂﬃﬁ 0 Uce*T3!ﬂ(ﬂﬃ;$,@;=#!*













































































































































































































































































































































































































































È^É:ÀYSÍÆÀLÔ|Ä-Ò>SÌÒÄ-ÆÌ4ÇNÈ:ÎÄhÉ Ê(SÍÆÄÉ È+Ã[ÂË7È ÂÃ[Ä]U
»;=8!?(69ﬁ
g
ó.ç_× Ü ìÄ-È ÂÍpÐ Ü Í|ÂÆÉ ÄKÒ¢à]Ì4ÆYÈ Ê(Á]Ä
V





































































































































É:É:ÂSÄKÒµËmÎÊ(ÃmÁ]ÄEÕÄKÎÊ&àÀYÌ4ÃÂÏÒÄ-ÃAà4Ì]ÆLÈ ÊÁ4ÄÊ(ÏÒŁÉ ÎÌ4Ã:ÈË!ÀLÃ[Ë&ÂÀYÈ!ÐÝúPÊ4ûbÒÀÉ É:ÌË!ÀÊﬃÈ ÀÌ4Ï¢ÀÏ¢ÔÕÃ[ÄKÉ!í















È^ÆÌË!ÊﬃÈ:ÀYÌ]ÏÉ&Ð.ú2Ê4û1ÀYÏKÓ ÄKË!È ÀYÌ]ÏoÊ(ÏÒMSÀYÁ4Ã[ÊﬃÈ ÀÌ4ÏÇÊË!ÀYÆÀLÈ:ÊﬃÈ ÄKÒ










































































































































z′/vs ﬁäﬃ}è ' 
z′/vs ﬁäﬃ}è ' 
z′/vs ﬁäﬃ}è ' 
ﬁëç 
αvs = 10−3 ä −1
ﬁ¥ê( 
αvs = 3 10−3 ä −1
ﬁè 




































































































































































































































































































































































































































































































ﬃè`æ 3  
î

µ æ
ð

µ æ+2
−2
4kV
9
ää°èÍæ
9
äåä°èÍæ
9
äåä°èÍæ

èÍê
ã
äåä

èÍê
ã
äåä
ë
çhæèÍæoç°ä<#&èÍèpæ&äåääÐê
ð 
µ æ
ﬁëç 
Þ
ç=ä
â
ﬁ¥ê( 
=
è >ﬀè
}é 
